Initial cervical spine radiographs demonstrated acute distraction of C-6 on C-7 ( Fig. 1) . A CT angiogram of the neck showed minimal narrowing of the vertebral arteries across the distraction injury bilaterally, without definitive evidence of an intimal flap or other vascular injury (Fig. 2) . Magnetic resonance imaging revealed significant ligamentous destruction with complete dissociation of the cervical spine at C6-7, which involved disruption of all 3 columns of the cervical spine (Fig. 3) .
As the patient suffered significant muscular and ligamentous destruction of the cervical spine, we believed the patient likely suffered a classic hyperflexion and hyperextension injury mechanism common to whiplash victims in motor vehicle collisions. The larger head/torso ratio with concomitant underdeveloped neck musculature common to young children predisposed our patient to a hyperflexion and extension injury to her cervical spine through the violent deceleration experienced in the motor vehicle accident. 9, 18, 19, 28, 35 Operation. The patient was brought to the operating room already intubated, and general anesthesia was induced. She was carefully logrolled into the prone position on a horseshoe head frame. Closed manual reduction was successfully accomplished using fluoroscopy. Her posterior cervical spine was then exposed from C-5 to T-1, and her distraction injury was temporarily stabilized with Prolene sutures secured between the laminae of C-6 and C-7.
Single-board miniplates, which contained an intrinsic locking mechanism from a craniofacial reconstruction kit (craniofacial modular mandible kit, Synthes), were bilaterally placed along the lateral masses of C5-T1. The miniplates were secured using 2-mm-diameter screws that were 6 mm long; the screws locked into the miniplates by using the intrinsic locking mechanism (Fig. 4 ). Allograft rib bone was then secured over the spinous processes and laminae bilaterally to complete the posterior fusion. A standard anterior cervical approach was then utilized for a C6-7 discectomy, fusion, and plating with allograft bone. A single miniplate was placed across the C6-7 disc space and secured into the vertebral bodies of C-6 and C-7 with 10-mm-long screws that locked into the plate in the same fashion as the posterior plates. Of note, gross dural transection was noticed during both approaches and was treated with a synthetic dural substitute (Duragen) and fibrin glue.
Postoperative Course. As there was a question of some ligamentous injury at the C1-2 level and as this level was not included in the surgical construct, the patient was immediately placed into an external immobilization halo vest postoperatively to provide some conservative measure of stabilization at the C1-2 level. The patient's hospital course was complicated by prolonged ventilation due to the extensive pulmonary contusions sustained during the accident. This complication eventually necessitated a tracheostomy and the placement of a percutaneous feeding tube, and she was discharged to a rehabilitation facility on postoperative Day 77. At her 6-month follow-up, the neurological examination remained unchanged, the hardware was stable, and there were signs of fusion (Fig. 5 ).
Discussion
Pediatric cervical spine injuries present a daunting challenge, as treatment must be highly individualized and account for numerous variables such as patient age and size, level and complexity of injury, degree of neurological compromise, and presence of associated injuries. 13, 15, 39 Operative intervention is indicated for irreducible fractures, highly unstable osseous or ligamentous injuries, incomplete spinal cord injury with progressive neurological symptoms, and failed conservative therapy. 4, 11, 15, 17, 18, 20, 29, 37, [42] [43] [44] 47 The unique nature of the immature pediatric cervical spine forces one to approach surgical intervention for cervical trauma differently from that in the adult population. 31, 33 Because of the small size of the cervical vertebral bodies in the preschool population, currently available commercial pediatric cervical fixation instrumentation may be unsuitable as the screws and plates are often too large. 46 Furthermore, given the incomplete ossification of the immature cervical spine, large screws may damage intact bone and decrease the likelihood of strong fixation. 31 Despite the challenges that operative procedures involving the immature cervical spine present, the rate of surgical intervention for pediatric cervical spine injuries has risen to ~ 25%, likely representing the increasing familiarity of surgeons with instrumentation and fusion techniques needed for such procedures. 15, 16, 26, 34 In moving from wiring constructs to rigid cervical fixation instrumentation in the pediatric population, the aim was to achieve increased construct stability, increased cervical fusion rates, reduced graft extrusion rates, and a decreased need for halo immobilization. 2, 4, 23, 32 Modern spinal fixation instrumentation has been well established for pediatric spine surgeries involving the thoracic and lumbar spine; however, there are no size-specific implants recommended for the pediatric cervical spine. 3, 5, [22] [23] [24] 41, 48, 50, 51 Hedequist and colleagues 23 have recently studied the feasibility of modern cervical spine instrumentation in children when rigid fixation was required for cervical stabilization and fusion. Although this study was limited to children 6 years of age and older, the authors associated the use of modern cervical fixation instrumentation in children with a low complication rate and high fusion rate. Data from Dogan and colleagues' 13 study, which included a surgical population of children 8-16 years old, demonstrated that both anterior and posterior instrumented fixations are safe and effective in the treatment of pediatric subaxial cervical spine injuries. Both studies show that cervical fixation instrumentation has utility within the pediatric population and can be successfully used with good subsequent bone fusion and minimal complications. 13, 23 Note, however, that neither study used modern cervical fixation instrumentation in preschool-aged children. Hedequist et al. 23 have acknowledged that using commercially available plates in children younger than 6 years of age may be difficult given the potential for size mismatches. Thus, while mod- ern cervical fixation instrumentation has been shown to be efficacious and compatible with the anatomy of children older than 6 years, its utility in the preschool population is still unknown as there is a lack of commercially available pediatric cervical fixation instrumentation compatible with the small, immature cervical spine of the preschool-aged patient.
13,23
Because we preoperatively evaluated the cervical spine and, more explicitly, the size and structure of the vertebral bodies of our preschool-aged patient, we determined that the vertebral bodies at the C6-7 levels were ~ 6 mm in height. However, the smallest, commercially available cervical fixation systems for the pediatric population utilize fixation screws with a diameter of 3.5 mm. These fixation systems were thus deemed inappropriate for use, as the fixation screws were too large for the comparatively small pediatric cervical vertebrae of our 2-year-old patient. We determined that a smaller fixation system composed of plates and screws with intrinsic locking mechanisms similar to those of a spinal fixation system would be more ideal. We eventually determined that the Synthes craniofacial modular mandible miniplate system would be small enough for application in our patient as it used fixation screws 2 mm in diameter and with various lengths. Furthermore, this system utilizes a unique intrinsic locking mechanism that provides resistance to screw backout, which is crucial for plate fixation. Although craniofacial instrumentation for pediatric spinal fixation has been shown to result in successful anterior cervical fixation in a preschool-aged patient, the construct did not use an intrinsic locking mechanism. 31 Thus, while instrumented internal cervical fixation has proved to be biomechanically superior to facet and spinous process wiring, we believe that the intrinsic locking mechanism unique to this screw and plate construct provides enhanced prevention of screw backout and hence creates a superiorly anchored, rigid construct that may further minimize the degree of micromotion within the construct and between adjacent segments to allow increased bony fusion. 10, 14, 25, 27, 30, 45, 49 As our patient presented with a grossly unstable 3-column cervical spine injury, we believed that combined anterior-posterior fixation utilizing craniofacial instrumentation with an intrinsic locking mechanism was warranted. Although there are limited data on 3-column cervical spine injuries in the pediatric population, studies focused on this type of injury in the adult population have shown combined anterior-posterior fusion to be superior in providing cervical stabilization. 8 We believe that craniofacial instrumentation that utilizes an intrinsic locking mechanism can be applied in both anterior and posterior fixation systems in the pediatric population and can achieve stabilization comparable to that with spinal fixation systems in the adult population. Until adequate pediatric cervical spine instrumentation is commercially available, we view craniofacial instrumentation that utilizes an intrinsic locking mechanism as a practical alternative to the standard, commercially available instrumentation used for both anterior and posterior cervical fixations in this age group.
Conclusions
Pediatric cervical spine injuries that need internal fixation present a technical challenge in very young children. Because of the smaller cervical vertebral bodies in the preschool-aged population, commercially available pediatric spinal fixation instrumentation may be unsuitable as the screws and plates are too large. When such instances arise, craniofacial instrumentation that utilizes an intrinsic locking mechanism may be a suitable alternative for both anterior and posterior cervical fixations. 
